SUMMARY Gut associated lymphoid tissue in 15 normal appendices has been characterised in tissue sections using both morphological criteria and immunocytochemical techniques. A panel of monoclonal and polyclonal antibodies was used including antibodies to B-cells, T-cells, macrophages, HLA DR and immunoglobulins. The lymphoid tissue in the appendix was shown to bear a strong resemblance to that in lymph nodes with the exception of the region where the appendix follicles associate with the dome epithelium, which has no lymph node equivalent. This zone of cells between the lymphoid follicles and the dome epithelium termed the 'mixed cell zone' has been shown to contain an abundance of HLA DR-bearing cells, some of which have irregular nuclear morphology and resemble follicle centre cells. These cells were seen to extend into the epithelium of the dome but not the crypts. Using a monoclonal anti-B-cell antibody a population of B-cells was detected in the equivalent areas of mixed cell zone and epithelium and quantitative studies showed that these intraepithelial B-cells comprised approximately 4-5% of the cells in the epithelium. The mixed cell zone was also seen to contain T-cells, S-100 protein-containing macrophages and occasional lysozyme-containing macrophages. Plasma cells were rarely seen in this area.
The last two decades have seen major advances in the understanding of the structure and function of gut associated lymphoid tissue Cryostat sections of 6 ,um thickness were dried at -20°C, then fixed in acetone for 30 minutes immediately before staining. With the polyclonal primary antisera the peroxidase anti-peroxidase technique was used and with the monoclonal antibodies a double layer technique was used involving a rabbit antimouse secondary antiserum conjugated to horseradish peroxidase. The precise details of these methods have been published elsewhere.10 Peroxidase activity was shown using the 3', 3'-diaminobenzidine reagent as described by Graham and Karnovsky.1' Nuclei were counter-stained with haematoxylin.
Dewaxed and rehydrated paraffin sections of 3 ,um thickness were stained using the immunoperoxide techniques described above.
QUANTITATIVE STUDIES OF INTRAEPITHELIAL

LYMPHOCYTES
Quantitative studies of intraepithelial lymphocytes were carried out on sections stained with the anti-T-cell and anti-B-cell monoclonal antibodies and the antiserum to IgD. The number of cells recognised by each of these antisera was counted using x 40 objective and expressed as a percentage of the number of cells, both stained and unstained, in the same area. For each antiserum approximately 150 dome cells were counted in each of three repeat slides. This was done for each appendix studied.
MORPHOLOGICAL OBSERVATIONS
All appendices studied showed the characteristic prominent mucosal lymphoid nodules separated by areas of lamina propria with few small lymphocytes (Fig. 1) . The latter, designated the crypt area, was populated almost entirely by mature plasma cells together with macrophages which were concentrated immediately beneath the epithelium (Fig.  2a) . Each mucosal lymphoid nodule consisted of a prominent follicle centre ( Fig. 2b) surrounded by a mantle of small lymphocytes ( Fig. 2c ) which was more marked on the mucosal aspect and which merged with the broader zone of lymphoid tissue which abutted on the muscularis mucosae. This broader zone contained the high endothelial venules. The lamina propria between the follicular mantle and the surface epithelium contained a mixed population of lymphoreticular cells which was quite distinct from the adjacent plasma cell-rich lamina propria and was accordingly designated the mixed cell zone12 (Fig. 2d) . Within the mixed cell zone were small lymphocytes and also some larger lymphoid cells containing nuclei with irregular outlines. These larger cells bore a close resemblance to follicle centre cells (centrocytes). Also present were numerous macrophages. Intraepithelial lymphocytes could be recognised throughout the surface epithelium of the appendix (Fig. 3a) . Those intraepithelial lymphocytes within the epithelium of the crypts were small with dense round nuclei (Fig. 3b ). In the epithelium related to the mixed cell zone, the so-called dome epithelium, the density of in- The small lymphocytes surrounding the follicles together with those of the broad zone impinging on the muscularis mucosae were strongly reactive with the pan T-cell antibody (Fig. 4) . T-cells could also be identified within the follicle centres and the mantle, the former being almost exclusively of T-helper phenotype. In the T-cell areas the helper: suppressor T-cell ratio was approximately 8:1. Numerous HLA DR-positive macrophages were present in these T-cell areas. Some cells in the T-cell area were recognised by the anti-S-100 antiserum, but unlike those beneath the epithelium, these lacked obvious cytoplasmic processes and resembled small lymphocytes (Fig. 5a) .
The B-cell nature of many of the cells in the mixed cell zone was evident from their reactivity with the anti-B-cell antiserum (Fig. 6) . B-cells with SIgD, presumably mantle cells, were seen extending into this region, and many cells with SIgM were seen to be present. Only occasional cells with cytoplasmic immunoglobulin were seen in the mixed cell zone. This zone contained an abundance of HLA DR bearing cells, including the cells with centrocytic morphology observed previously in haematoxylin and eosin sections (Fig. 7) . It is probable that these cells were among those identified by the anti-B-cell antibody in frozen sections. Macrophages with obvious cytoplasmic processes containing S-100 protein (Fig. 5b ) and helper and suppressor T-cells were also present in the mixed cell zone (Fig. 4) .
Intraepithelial T-cells of T-suppressor phenotype were present in the dome and the crypt epithelium as expected.2 In addition to the T-cells, however, a population of B-cells was observed in the epithelium of the dome above the mixed cell zone but not in the epithelium of the crypts (Fig. 6 ). These B-cells were recognised in frozen sections by staining with the anti-B-cell antiserum. They were not consistently detectable by surface or cytoplasmic immunoglobulin, probably due to background staining of the immunoglobulin, bound to secretory component on the epithelial cells. In addition to the small, round intraepithelial lymphocytes seen throughout the gut, intraepithelial lymphocytes with irregular nuclear morphology were observed in the dome epithelium in paraffin sections and they were shown using immunohistochemistry to bear HLA DR antigens (Fig. 7a) . These cells probably correspond to those recognised by the anti-B-cell antibody in frozen sections.
In order to compare the populations of intraepithelial lymphocytes in the dome and crypt regions, the cells recognised by the antisera UCH Ti, anti-IgD and anti-B-cell were counted and express- (Fig. 8) . This was true of half of the appendices studied. The epithelia of the rest were HLA DR-negative.
Our observations are summarised in lymphoid tissue in the human appendix reveal as expected close similarities to peripheral lymphoid tissjie.8 An equivalent of the mixed cell zone has not, however, been described in peripheral lymphoid tissue and the lymphoepithelium which forms the dome of the follicle has not previously been immunohistochemically defined in human gut. The presence of intraepithelial B-lymphocytes in dome epithelium of human gut associated lymphoid tissue has not been previously shown immunohistochemically. In in vivo pulse radiolabelling experiments Faulk et at12 showed the migration of dividing lymphocytes (presumably B-cells) from the follicle centre to the epithelium in rabbit appendix. More recently Owen and coworkers have shown in ultrastructural studies that intraepithelial lymphocytes are present in the dome epithelium in increased numbers compared with the crypts and that they share morphological properties with follicle The complex and distinctive properties of the mucosal lymphoid nodules shown by this study suggest that careful analysis of these structures in immune-related gastrointestinal disease may be more profitable than regarding the mucosa as a single unit.
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